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Abstract: Cloud base height (CBH) plays an important role in weather forecasting and flight
service. However, there is lacking in CBH data with high spatio-temporal resolution. This study
evaluates the CBH product of ERAS reanalysis data using ground-based observations in eastern
China, revealing the CBH feature in China by validated CBH data from ERA reanalysis. Overall,
the CBH from ERAGS reanalysis data are lower than those from ground-based measurements, in
which the low-clouds and middle-clouds are overestimated and underestimated, respectively. In
addition, under precipitation condition, the CBHs from ERA5 data indicate a higher accuracy for
low clouds than those under non-precipitation synoptic background, while the accuracy of ERA5
CBH is lower for middle- and high-cloud. The result shows that the CBHs are lower in the
daytime than those at night, peaking at 9:00 and 22:00 over eastern China in the daytime and at
night, respectively. On the whole, the monthly mean CBHs from ERAS5 reanalysis are consistent
with the ground-based measurements in autumn and winter. The revised CBHs of ERA5S data
present a gradually decrease from northwest to southeast of China during 2010-2019. Besides, the
CBHs over the southern China, northeastern China and Tibetan Plateau are relatively lower than
other areas. The CBHs show lower over the Tibetan Plateau in summer and autumn but higher in
spring and winter. Additionally, the desert region has higher CBH in all four seasons.

Keywords: Cloud base height, distribution characteristic, Ground-based observations, ERA5

reanalysis data
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RAEHV S R GRS P ARG S R R AR . — 71, =l A S
BRI R MR A AAE s 55— J7 1, 2 BENE I I 3R H O R I8 A S i 2 n A
(Ramanathan et al.,1989; Stephens et al., 2012; Zhou et al., 2016) . CA MK, =Xt
ARGHRMTPERE S 2 EESH (BFaTEE. ZRSE. o FENR R %
P46 5% (Mitchell and Finnegan, 2009; Zhang et al., 2017; Li et al., 2019), ifij H.z= 4& 44 #8318 (CRF)
HRIKEEEDIAG. flln, Kato et al. (2011) F85H, Sl BORMKAL =K s B S8
A BRAEST 88 1) M AT S R T ) N AR S I I . Viadez-Mora et al. (2015) I 2 i 3G
B o i e B AR R AR R B T AR i, R, R R RIS, BRZEAIA
ZHFE CRE 23 BILL AW m? km™ 1 5W m™? km™ BBE RN BAb, Z i
NWIGE I F T e U R AR AN XS A S (Prein et al., 2015) , #ERASRIN i i FE AR
AR A AT 24 PR (Ellrod and Gultepe, 2007) . [Flit, #ERRTREL = i & A5 Bt
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MR 45 E (Nazaryan et al., 2008; Pan et, al., 2015) , {HWAEAEERE, s PA
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TR JEM = 2R H =K E ¥ (Kuji and Nakajima, 2001; Hutchison et al.,2006; Welch et al.,
2008) , HLEH T mTEE. ZUUEIMN S B EESESH A E N 80T R4 RE —
SERZE (Jiménez PA and McCandless, 2021) . &M 5 <, SREUKTE Bl 2 e i M0 000 Fr v g
&R AEAR KA A

AL, A — LR B A T 7T = s BE ) TAE (Sharma et al., 2016; Kuhn et al.,
2018) o 3 [ [F ZXFR B TR Lo« BRI P R APl o AR SR T 8 8 T R E LI 538,
T I A B A U S M TEOL I A0 T RS o L 45 51, TR T — 28 =15 B
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R RBSARKZ S (Ramon et al., 2019; Lei et al.,2020) . You et al. (2014) f&Hi,
NCEP/NCAR H1 ERA-40 73 HIRAL A =il 1 7 i S 4E P A= P 8 = 85 Miao et al.
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Table 1 Technical parameters of the cloud Lidar

ST ZHUE
BOLARRA InGaAs - FEFOLE
QIS 90510 nm
RO RE <20 pJ
ok B 45+0 ns
Te A <3 mrad
ok v B 52 A 2 1 kHz+15%
HEERG A MAE 102 nm
T 91015 nm
PRI Y 20-7600 m
PRI A A 30s
75 [B) 4y A 3.8m
W& A fiff: 430 J7{7f:0-240°

ARSI TP AR HBDXe « lSk « APH B Sy Lt DXOULIN P32 /IS 2 i e P2 4

W, M BCA 2017-2019 4. A5 B 11K 2 Fios.
F 2 HERIEREE
Table 2 Information on the observational sites for the cloud base height

WL 3 5 Yt MR (m) WL (5] A
A e 397 2017.10-2018.08 3158
B ik 138 2018.01-2018.09 2806
C Hi M 16 2018.04-2018.09 1733
D I 0 2019.01-2019.12 3670
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Figure 1 Distribution of ground-based observational sites for the cloud base height. The shading, dots, triangles
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and letters indicate the elevation above sea level, provincial capitals, ground-based observation sites, and numbers
of ground-based observation sites, respectively

(2) ERAS For i
ERAS SR A IR STl O 45 128 FAR T e i Bokk, A3 B 1950 4F LUK 1 K<
VPRI R AT B . A EET ERA-interim £0dlE, ERASL ¥R A RS, i HANE s
[ 72 53 B4 (Hersbach et al., 2020) . A% 2017-2019 4 ERAS F 43 H BB K =i
JEP= AT T VR, R T E X 2R S A REE, BT Y ERAS 2 Ji e B2 7 b (R e
[E] 7 He 0y L/NE, 2 [A) 50 3 0.25%0.25<
(3) ARFERLGE ARG H R
SGAE RGN R G2 EA SR A FHER A RE BAAIERIR S R HIE R
gi, el AR BEREIERNL S &, ERIIRE TS TR T EEER . Homi
T4 BRI E SR A IR B . TR RE s B . KU, KAl s &% 21 Mk SE, &
SCIEHL T 3% 3 /N RSB, F AT ERAS i B 7= S 7 TE R K 264 R AN
1 2 AR
(4) CloudSat T2 %4
CloudSat P 235 #i1) 94 GHz =54 i (Cloud Profiling Radar, CPR) WS 7% = 2,
M= EEELEL, AN s . USSR sRRESEES . ACRARZ
2010-2019 /8] CloudSat 1 CALIPSO Hx & Wil 15 2[#) 2B-GEOPROF-LIDAR 4™ il £ [
AR =R ERORL, ) DURER A5 1T IE ERAS 77 i i SR 1 rh [ 3th (X 25 i v JEE 90 A
2.2 BT
AR FE AR, B 5 DA T UK 25 b TE U 032k pit 5 T 1 ERAS Z A% ast 5 1 T M 3 p5 AT
ZF[RIVCHAC, F-Kr ERAS 4 1 (8] 48— AL sty , AE A BERHEE I E] 77 51 AR RE . 43 50t
ERAS 50l fR 2% (D) ¥ JiiR2ZE (RMSE) HETIFAS, MMz MR 2 A R

D, =X, —% (i=1,2...... N (1)

N
RMSE = /%Z D/? (2)
i=1

Ao, X, X Jy 5 IR AR AT I 2 DL CS () ERAS 23 i i S AT I R0 25 G 2
1, D, oy ERAS 7 i U 2 M T L U 25 G i TR 2518, N 9 RE A

T ERAS 7 it AT T UL 25 66 26 FE 2 W0 f) /N S04 22 Dy, %1% /N ) ERAS £
B FEEHEAT T IE -

Y, =X,-D (t=0,1....23) (3

Sk, CRRIHL Xyt ERAS ZREIE, YOUI R Z R L.
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Figure 2 Scatter plot of ground-based measured versus ERAS5 provided cloud base heights. The shading, dashed
line, and solid line indicate the frequency, 1:1 line, and fitted line between ground-based observations and ERA5
product, respectively. N, R, RMSE, and y represent the sample number, correlation coefficient, root mean square

error, and fitting equation, respectively
ST X ERAS I S LI 2= i R BE (22 57 0 A, #E— 2D 1 H Wm0
oA, WE 3 e ST ABL, ERAS 2 i 55 UL (19 2 I v J3E {224k HH £ 422000 m
LA Forf, ERAS 7 i FE LM AL 2 Ji vt FZ A 0-500 m (5 Ol e, i 32%; HLUCH
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175 Figure 4 Variation of hourly cloud base heights (m) over eastern China. The solid and dashed lines represent the
176 ground-based observations and ERA5 product, respectively
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Figure 5 Variation of monthly cloud base heights (m) over eastern China. The solid and dashed lines represent
ground-based observations and ERA5 product, respectively
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75 JBG 7 g i T 15000 m A L, SE354E Sy 1220.98 m i Fl 7R 25 S 8 B P 240 22 9-201.18
m, L0 22y 907.90 m, WS- 3k 25 RIP I 400w 22 HBINR T, ERAD 2 ik FEIY
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Table 3 Comparison between ground-based observed and ERAS provided cloud base heights
in eastern China during the period of 2017-2019

IR (m) FEAE (N e/ ME = PNEN FIIME i
B EATR L 11367 30.00 7597.00 1422.16 1461.18
ERA5 11367 29.47 15007.90 1220.98 1581.06

i 22 11367 -7496.06 14147.10 -201.18 1593.12

Z 0 22 11367 0.14 14147.10 907.90 1324.44

XTI AP BRI FEAR R Gt (] 6) I, Hh[E AR X ERAS b i Ml 2= i v 2
(1) A2 i v T v A, FE AR T 1000 m 1) 2 i s AT fge i, 9 ) 63% 1 52%,
XM 1000-2000 m, A% 20%1 26%. X L BRI TR 2 s AR 43 A, ERAD &R R
fI&T- 1000 m {40 i T~ M DU B2 K}, 22K B2 7E 1000-8000 m fit 45 48 540G T~ 1 [ UL N %
kL, IER Wtk ERAS YRR T I AR A 1 00 I 1) 25 i v o
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product and ground-based observations respectively over eastern China during the period of 2017-2019
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Figure 8 Distribution of cloud base heights from (a) revised ERA5 data and (b) CloudSat observations in China
during the period 2010-2019
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Figure 9 Distribution of cloud base heights based on revised ERA5 product in the (a) spring, (b) summer, (c)
autumn and (d) winter in China during the period 2010-2019
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